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ABSTRACT
We report the discovery of 25 new open clusters resulting from a search in dense
low galactic latitude fields. We also provide, for the first time, structural and astro-
physical parameters for the new findings and 34 other recently discovered open clusters
using Gaia DR2 data. The candidates were confirmed by jointly inspecting the vector
point diagrams and spatial distribution. The discoveries were validated by matching
near known objects and comparing their mean astrometric parameters with the avail-
able literature. A decontamination algorithm was applied to the three-dimensional
astrometric space to derive membership likelihoods for clusters stars. By rejecting
stars with low membership likelihoods, we built decontaminated colour-magnitude di-
agrams and derived the clusters astrophysical parameters by isochrone fitting. The
structural parameters were also derived by King-profile fittings over the stellar dis-
tributions. The investigated clusters are mainly located within 3 kpc from the Sun,
with ages ranging from 30Myr to 3.2Gyr and reddening limited to E(B − V ) = 2.5.
On average, our cluster sample presents less concentrated structures than Gaia DR2
confirmed clusters, since the derived core radii are larger while the tidal radii are not
significantly different. Most of them are located in the IV quadrant of the Galactic
disc at low latitudes, therefore they are immersed in dense fields characteristic of the
inner Milky Way.
Key words: Galaxy: stellar content – open clusters and associations: general –
surveys: Gaia
1 INTRODUCTION
Open star clusters are important objects to study and probe
the history and structure of the Galactic disc. Young open
clusters show us how stars form from embedded systems in
molecular clouds and the recent disc history (Lada & Lada
2003). On the other hand, the old open clusters help us
to understand the chemical and dynamical evolution of the
Galactic disc and to establish an inferior age limit to this
structure (e.g. van den Bergh & McClure 1980; Friel 1995;
Carraro et al. 2007; Netopil et al. 2016).
Efforts have been made to detect new objects from their
spatial stellar overdensities with respect to the background
(e.g. Froebrich et al. 2007; Kronberger et al. 2006). On the
? E-mail: filipe1906@ufmg.br
other hand, the Gaia mission (Gaia Collaboration et al.
2018) has acquired high precision proper motions and par-
allaxes which allows a search for new objects in another pa-
rameters space. For example, now the distinction between
star cluster and field stars become possible by analyzing
the confined loci of cluster stars in the astrometric space. It
is evident an increase on the number of open clusters dis-
covered recently, specially those projected against crowded
fields (Ryu & Lee 2018; Cantat-Gaudin et al. 2018b; Castro-
Ginard et al. 2018; Torrealba et al. 2018; Sim et al. (2019,
hereafter Sim2019); Ferreira et al. 2019). Before the Gaia
era, at least 3000 known open clusters have measured pa-
rameters in the literature (Dias et al. 2002; Kharchenko et al.
2013). However, more recently Bica et al. (2019) have shown
that the actual census of Galactic star clusters, associations
and candidates reaches a number greater than 10000 objects
c© 2020 The Authors
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(although many of them are asterisms, embedded or globu-
lar clusters), showing that there are much more unstudied
objects than the studied ones. In a statistical sense, the more
clusters are discovered and properly characterized, the more
we are able to understand the Galactic structure and its
chemical and dynamical evolution.
The separation between fiducial members of open clus-
ters from field stars in a high density region of the Galactic
disc is a challenging task. Specialized automated searches
with different algorithms using Gaia DR2 are useful and
necessary tools to detect such objects.
After the Gaia second data release, Cantat-Gaudin
et al. (2018a) used an unsupervised membership assignment
code, UPMASK, to search for open clusters in astromet-
ric space. They obtained cluster membership, mean astro-
metric parameters and distances for more than 1200 open
clusters while also reporting 60 newly discovered open clus-
ters. Castro-Ginard et al. (2019) found 53 new open cluster
using an unsupervised, density-based, clustering algorithm,
DBSCAN. The authors reported the new objects as well
as determined their mean astrometric parameters and most
probable members. Cantat-Gaudin et al. (2019) found 41
new open clusters located in Perseus arm by using Gaussian
mixture models. The authors applied an unsupervised mem-
bership assignment method, UPMASK, to characterize the
candidates and then visually inspected colour-magnitude di-
agrams to validate the detected objects as new open cluster.
The mean astrometric parameters and most probable mem-
bers of these objects were also reported. Sim2019 performed
visual inspection of the Gaia DR2 astrometric and photo-
metric data, resulting in the discovery of 207 new OCs within
1 kpc from the sun that has been missed by previous works.
The authors also characterized the newly discovered objects
by finding their ages, distances, sizes and mean astrometric
parameters. Liu & Pang (2019, hereafter LP2019) detected
2443 star clusters using a clustering algorithm in the 5-D
astrometric space (l, b, $, µ∗α, µδ ). The authors character-
ized all the found objects by an automated isochrone fitting
scheme determining distances, colour excesses, metalicities
and also the mean astrometric parameters. The authors as-
sociate a classification scheme to the discovered objects that
takes account the isochrone fitting quality, assigning 76 of
the found objects as high confidence, new open clusters can-
didates. More recently, Castro-Ginard, A. et al. (2020, here-
after CG2020) have discovered 582 new open clusters by
applying an unsupervised clustering algorithm to find over-
densities in a five-dimensional parameter space (l, b, $, µ∗α,
µδ).
In a previous work (Ferreira et al. 2019), we have
found 3 new open clusters by visually inspecting proper mo-
tion diagrams by applying colour and magnitude filters in
colour-magnitude diagrams. We characterized the findings
by providing astrometric and astrophysical parameters de-
rived from isochrone fitting methods. We follow on applying
this methodology to high density regions of the Galactic disc.
We surveyed 96 Galactic fields finding 59 new open clusters
candidates. However, during the analysis, part of this sample
was reported by Sim2019, LP2019 and CG2020. Since these
authors did not performed a complete characterization of
the objects, we determined the astrophysical properties of
the sample of 59 open clusters and report the discovery of 25
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Figure 1. Spatial coverage of the Galactic fields surveyed in this
work. The size of the red circles indicates the surveyed regions.
new clusters among them. We also investigate their nature
and how these new objects are disposed in the Galaxy.
This paper is structured as follows: in Sect. 2 the
method used to detect the new open clusters is described. In
Sect. 3 we discuss the database used to confirm and validate
discoveries. In Sect. 4 the analysis procedure is presented,
including membership assessment, determination of astro-
physical and structural parameters. In Sect. 5, we compare
our sample of open clusters with known open clusters and
discuss our main results. The concluding remarks are given
in Sect. 6.
2 SEARCHING FOR NEW CLUSTER
CANDIDATES
In this work, we used astrometric and photometric data from
the Gaia DR2 catalogue (Lindegren et al. 2018; Evans et al.
2018), which provides positions, proper motions, parallaxes
and magnitudes in the G, GBP and GRP bands for more
than 1.3 billion sources (Gaia Collaboration et al. 2018).
We applied quality filters in our samples by using the equa-
tions (1), (2) and (3) from Arenou et al. (2018). This is a
recommended basic filter to clean the data samples from
contamination due to double stars, astrometric effects from
binary stars and calibration problems. In other words, it
assures the best quality of the data for analysis.
Ferreira et al. (2019) discovered three new open clus-
ters when analyzing the region adjacent to NGC5999 in the
nearby Sagittarius arm by applying colour-magnitude filters.
The present work extends the search for new open clusters
to low latitudes (−10◦ . b . 10◦) and to a longitude range
similar to that of the VVV survey (Minniti et al. 2010) (290◦
. l .10◦). Additionally, we have also analysed six fields pre-
sented in Netopil et al. (2016), adding newly found clusters
to our sample. In total, we have surveyed a projected area
of ∼650 square degrees, divided into 96 fields, as shown in
Fig. 1. The full list of fields can be found in Table A1, in the
appendix.
To search for new clusters, we have used the Vizier1 on-
line service to extract Gaia DR2 data in regions of 1.5 de-
grees radius around each analyzed field. Given a tidal radius
of ∼ 10pc the cluster would extrapolate the adopted region
size, when located closer than ∼ 380pc from the Sun. Thus,
1 http://vizier.u-strasbg.fr/viz-bin/VizieR
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our method would not detect such objects. Most of our tar-
gets are farther than this, at a distance range of ∼ 1− 3kpc
(see Sect. 5).
Given the data inside the extraction area, we adopted
the following steps:
(i) divide the region in 4 sectors of same area (Sect. 2.1);
(ii) apply colour and magnitude filters in each sector
(Sect. 2.2);
(iii) search for overdensities in filtered VPD and sky chart
of each sector (Sect. 2.3);
(iv) analyze the spatial bonds, proper motions and par-
allaxes of the stars in overdensities (Sect. 4).
2.1 The spatial filter
Dividing the region in 4 sectors of same area diminishes the
amount of stars in the vector point diagram (VPD) and
colour-magnitude diagram (CMD), making it easier to find
overdensities, as it increases the relative number of cluster
stars over the field stars (i.e. the contrast) in both parame-
ters spaces. Fig 2 shows the spatial filter applied to one of
the analysed fields by dividing the full region in 4 smaller
slices. The field is centred in the coordinates RA=257.632◦
and DEC=-36.3409◦ and contains ∼ 2 million sources. Each
slice contains ∼4.0×105 sources (red), ∼7.4.×105 sources
(blue), ∼2.7×105 sources (green) and ∼6.8×105 sources
(purple).
2.2 The colour and magnitude filters
For each sector, we build a G versus (GBP−GRP ) CMD and
applied colour and magnitude filters. The first filter is a sim-
ple magnitude cut that keeps in our sample sources brighter
than G = 18mag (similar to the filter used in Cantat-Gaudin
et al. 2018a). This procedure produces smaller working sub-
samples and makes the following procedures computation-
ally faster.
The second filter divides the remaining sample (G <
18mag) in two sub-samples by a colour value. This colour
value is a free parameter and will depend in the local red-
dening as we visually divide the denser portions of the
CMD in half. Usually, the first sub-sample keeps stars with
GBP − GRP smaller than a limiting value between 1.5 and
2.5mag. The second sub-sample will contain stars with
GBP −GRP larger than this limit. This first filter is impor-
tant to separate highly reddened stars, thus enhancing the
cluster main sequence. A lower colour cut value is suitable
to probe younger clusters with low reddening, while higher
values are appropriate to probe older and/or more reddened
ones.
Using region 3 of Fig 2 as an example, the colour
and magnitude filters reduced the number of sources from
∼2.7×105 to ∼2.3×104 in the bluer side of the cut, and to
∼1.1×104 in the red side of the cut (see Fig 3).
2.3 The search for overdensities
With the subsamples settled, we analyze the stars distribu-
tion on sky charts and VPDs, visually searching for over-
densities in both spaces. If any overdensity is detected in
the VPD, we apply a box-shaped mask of size 1mas yr−1 on
Figure 2. Top: Star positions in a region of 1.5 degrees radius
centred at coordinates of the field 90, RA=257.632◦ and DEC=-
36.3409◦, the entire region comprises ∼2 million sources. Bottom:
The same region, but divided by 4 sectors of same area.
it and analyze the spatial and parallax distribution of stars
inside it. If this overdensity represents the typical proper mo-
tion of stars in a cluster, we expect a gaussian distribution
of the parallax values and a spatial bound between the stars
(usually with a dense core surrounded by a sparse halo),
both with few outliers. This procedure is shown in Fig. 4.
The VPD (top-left) contains ∼2.3 ×104 sources and after
applying the proper motion filter (top-right), this number is
reduced to ∼ 200 stars, as showed by black dots (bottom-
left) and histogram frequencies (bottom right).
The majority of our new clusters were found by detect-
ing a VPD overdensity, however there were some few cases
where the colour cut revealed an overdensity more clearly in
the sky chart, only becoming evident in the VPD after ap-
plication of a spatial mask, as shown in the example below.
If an overdensity is detected on the sky charts, we ap-
ply an extraction mask of variable size, that depends on the
visual concentration of the cluster. Usually, we adopt values
between ∼5′ × 5′ and ∼15′ × 15′ around its visual cen-
tre and analyze the subsample proper motion and parallax
distributions. If the overdensity detected on the sky chart
represents a real cluster, the subsample spatially restricted
must form a clump on the VPD space and a gaussian dis-
tribution of the parallax value, both with few outliers.
The Fig. 5 exemplifies such procedure, where we anal-
yse the field 32 (Tab.A1) comprising ∼1.5 million sources.
The upper left and upper right panels show the data, before
MNRAS 000, 1–18 (2020)
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Figure 3. Top: CMD of the sample highlighted and referred as
Region 3 in the Fig 2. Bottom: CMD with the colour filters
applied, where the first subsample covers GBP −GRP < 2.5 and
the second one covers GBP −GRP > 2.5.
and after a colour cut defined by GBP −GRP > 2.5, respec-
tively. After the sectioning and colour filtering, as explained
before, the sample of ∼2.9×105 sources reduces to ∼7.7×103
sources. The middle left panel shows a VPD of the colour
filtered sample. Even though, in this case, it is not possible
to note a clear overdensity in the VPD, it can be seen an
obvious concentration in the filtered sky chart (middle right
panel). After applying a spatial mask around an overden-
sity at edge of the region and analysing this subsample in a
VPD (bottom left panel) and their parallax values (bottom
right panel), we note the presence of a new cluster candidate
UFMG 54.
The majority of the clusters studied in this work exhibit
parallaxes values between ∼0.2 and 0.7 mas, where there is
too much contamination by star fields. Therefore, diagrams
of proper motions in right ascension or declination versus
parallax were not very useful to find visual overdensities.
The parallax is taken into account when we perform the
membership assessment (Sect 4.2).
In both cases, after the candidate detection, we used
the subsamples to build histograms of the quantities RA,
DEC, µ∗α, µδ and parallax and computed their mode values.
We use these values in the cluster analysis by restricting
our sample inside a smaller parameter space. It is impor-
tant to emphasize that none of the filters applied to find
the clusters (colour filters, proper motion filters or spatial
filters) are kept in the subsequent analysis steps. Instead,
the modal quantities computed are used as first guess and
then refined. For example, the clusters centres are refined by
building radial profiles, the proper motion final values are
calculated after assessing membership, etc.
3 CATALOGUES COMPARISON AND
DISCOVERIES VALIDATION
In the recent years new objects were discovered by many
different authors, leading to a drastic increase in their num-
bers. Despite the efforts to compile all the information on
open clusters, candidates and associations (e.g. Mermilliod
1995; Dias et al. 2002; Kharchenko et al. 2013), there is not
an absolute database available. To our knowledge the largest
database of these objects so far was published by Bica et al.
(2019).
To validate our newly discovered open clusters, we
matched our centres coordinates with those on the litera-
ture available, within 1◦. If the separation of the centres
is larger than or equal the sum of our limiting radius and
the literature radius, we assume it as a new cluster. Other-
wise, we compare the other parameters such as proper mo-
tion centre and parallax. Besides the base catalogue of Bica
et al. (2019), we added the following available databases
not incorporated in this reference catalogue: Röser et al.
(2016), Castro-Ginard et al. (2018), Borissova et al. (2018),
Castro-Ginard et al. (2019), Ferreira et al. (2019), Cantat-
Gaudin et al. (2019), Torrealba et al. (2019), Bastian (2019),
Sim2019, LP2019, CG2020 and Hao et al. (2020). Besides
the astrometric comparison, we also crossmatched our clus-
ter memberlist with the members available in the above-
mentioned works. This procedure shows if the detected clus-
ter share the same stars or if it is a sub-structure of a known
one.
At first, we found 59 targets not reported in the litera-
ture, however, during the elaboration of this paper, three
works reporting new discovered open clusters have been
published: Sim2019, LP2019 and more recently CG2020.
Sim2019 found 207 new open clusters within 1 kpc by visu-
ally inspecting Gaia DR2 proper motion diagrams searching
for overdensities. The authors reported the cluster that we
identified as UFMG35; the proper motions difference are
within 1 σ, our distance value of 955± 132 pc is compatible
with the authors value of 887±40 pc and our age log(t) value
of 7.50 ± 0.30 is compatible with the authors value of 7.75,
so we assume they are identical objects.
Table 1 compiles cross-identifications between the men-
tioned catalogues (idUFMG, idL2019, idCG2020) and provides
our 1σ dispersion of the cluster astrometric parameters (σµ∗α ,
σµδ , σ$) as well as the difference of their mean values respect
to the ones on LP2019 (∆µ∗αL2019, ∆µδL2019, ∆$L2019) and
CG2020 (∆µ∗αCG2020, ∆µδCG2020, ∆$CG2020). The separa-
tion between the centre coordinates derived in this work and
the literature ones are also reported (∆dL2019, ∆dCG2020).
Fig. 6 depicts this information, showing the difference be-
tween the mean of our sample astrometric parameters µ∗α,
µδ and $ and those derived in the literature for the clusters
in common.
LP2019 detected 2443 star clusters using a clustering
algorithm in the 5-D astrometric space (l, b, ,$, µ∗α , µδ ).
76 of these objects were flagged as high confidence, new open
MNRAS 000, 1–18 (2020)
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Figure 4. Top left: VPD built from the Region 3 sample in the Fig 3 where an overdensity can be seen in the VPD. Top Right: A 1x1
mas yr−1 extraction mask is applied over the visual centre of the detected overdensity. Bottom left: A Sky chart of all stars in the region
(green) overploted by the subsample filtered by proper motion (black); we note the stars are spatially clustered. Bottom right: Parallax
values of the subsample filtered by proper motion, showing that most of the stars also share a similar distance.
clusters candidates. However, it is important to notice that
their clusters 1180 and 1182 had been previously reported
as the open clusters UFMG1 and UFMG3, discovered in
Ferreira et al. (2019). Besides those, we found 7 more coin-
cidences with the present work clusters (see Table 1). In all
the cases, the mean proper motions in right ascension and
declination and mean parallax are compatible within 1σ of
our value distributions.
We have also found 10 possible clusters, flagged as
low confidence candidates by LP2019. In general, the mean
proper motions in right ascension and declination and mean
parallax are compatible within 1 σ of our values, with two
exceptions: UFMG13 and UFMG27. UFMG13 for which µ∗α
is compatible within 2σ and its centre differs by only 2.5
arcmin from the cluster candidate 140. The UFMG27, iden-
tified as cluster candidate 466 for which µ∗α is compatible
within 3σ, µδ compatible within 2σ and$ compatible within
1σ. The centres differ by ∼470 ′′, which is a value greater
than the limiting radii found for this object. There exist an
appreciable difference in proper motion in right ascension
and, according to our analysis, the centre of the correspond-
ing cluster is out of the found structure. In spite of the cen-
tres separation be larger than our limiting radii, the targets
share 11 stars in a total of 143 stars (88 from the cluster
candidate 466 and 55 from UFMG27). We would like to
to emphasize that the cluster candidate 466 presents high
dispersion in the VPD and looks very sparse in sky chart,
being reported as a class 3 object, that means a candidate
of low confidence that need future confirmation. The two
objects are not alike, but we assume that UFMG27 could
actually be part of the cluster candidate 466 and decided
to withdraw UFMG27 from our sample of new findings and
give the discovery credit to LP2019, reducing our discovered
cluster sample from 26 to 25 objects.
More recently, CG2020 have discovered 582 new open
clusters by applying an unsupervised clustering algorithm
to find overdensities in a five-dimensional parameter space
(l,b,$,µα, µδ). The authors found 26 open clusters from the
sample of 59 objects studied in our work, some of them being
also reported in LP2019 (see Table 1). These clusters astro-
metric parameters are compatible with our values within 1
σ, so we assume they are identical objects.
However, neither LP2019 nor CG2020 derived struc-
tural parameters for these 33 coincident open clusters, mak-
ing this work the first one to provide a detailed analysis of
these targets. To the best of our knowledge, the remaining
sample of 25 open clusters are newly discovered objects and
are not listed in the literature.
MNRAS 000, 1–18 (2020)
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Figure 5. Top left: A density plot of a sector of the field 32, centred at coordinates RA=207.893◦ and DEC=-61.5095◦, which the entire
region of 1.5 ◦ radii comprises ∼1.5 million sources
. Top middle: The same sky chart, but the sample is filtered by colour and magnitude. Top right: VPD of the sample filtered by colour.
At this point, it is not possible to distinguish a typical cluster overdensity in VPD space. Bottom left: application of a filter over an
overdensity found in sky chart to build a subsample. Bottom middle: VPD of a subsample filtered in sky chart where it is now possible
to note an overdensity in VPD. Bottom right: Parallax values of the subsample filtered in sky chart.
4 ANALYSIS
4.1 Centre and structural parameters
With the centres and proper motion mean values computed
in the previous analysis, we followed a similar procedure
adopted in Ferreira et al. (2019) and selected stars inside
30′ from the objects centres and with proper motions in-
side a square box around its mean values. This proper mo-
tion filter removes the excess of field stars, increasing the
contrast of the cluster population over the field and allow-
ing the construction of the radial density profiles (RDPs).
Our objects exhibit parallax smaller than 1.2 mas. In this
case, a 1mas yr−1 box around the mean proper motion
value is expected to encompass more than 3σ of the dis-
tribution, assuming an average proper motion dispersion of
0.13 mas yr−1, as found by (Cantat-Gaudin & Anders 2020).
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Figure 6. Difference between our mean values of proper mo-
tion in right ascension (µ∗α) (upper panel), declination (µδ) (mid-
dle panel) and parallax ($) (bottom panel) and those found in
Sim2019, LP2019 and CG2020. The bars represent 1σ uncertain-
ties of our mean values.
Therefore, we adopted a 1mas yr−1 box. When the field con-
tamination was not critical, we allowed a 2mas yr−1 proper
motion box aiming at recovering more members, which was
employed for seven clusters. On the other hand, for six crit-
ical cases, where the clusters candidates were less populous,
we needed to adopt box size values of 0.8mas yr−1, to en-
hance the contrast against the field.
At this point we have defined our working sample for the
radial profile procedure: best quality Gaia data within the
square proper motion box and 30′ from the objects centres.
We did not find any systematic effect introduced by this pro-
cedure that could bias our determination of the structural
parameters. Afterwards, we built RDPs on which we esti-
mated the size of each object, the local background density
and refined the centres previously computed. We built the
RDP by counting the number of stars in concentric rings
around the initial centre and dividing it by the rings area.
Independent RDPs were made by using different ring widths
and then merged into a single, final RDP.
We refined the centre values by making small adjust-
ments to the coordinates previously set, accepting the solu-
tion with maximum central density as the new centre val-
ues. We fitted a straight line to the stellar density for rings
well beyond the objects core, typically between ∼ 15′ and
∼ 25′, to compute the sky background level (σbkg) and its
uncertainty. The limiting radius (rlim), defined as the radius
where the stellar density reaches the sky level, resulted be-
tween 4′ and 20′ for all clusters. Fig. 7 shows examples of the
RDPs and the derived sky density levels used to determine
the limiting radius for some cluster candidates.
Finally, the clusters’ structural parameters were ob-
tained by weighted fittings of the King (1962) analytical
model over their RDP. We present some of the profiles fit-
ted in Fig 7. The error of each RDP datum correspond
to its Poisson uncertainty and was used as weight in the
fitting process. The structural parameters: central density
(σ0), core radius (rc) and tidal radius (rt) are presented in
the Table 2. The number N of cluster members is indicated
in the last column of this table. This table is also available
electronically through Vizier1.
4.2 Assessing membership
Most of our cluster candidates are projected against dense
stellar fields. For this reason, in order to derive membership
likelihoods to the stars, we applied a routine described in
Angelo et al. (2019) that evaluates statistically the overden-
sity of cluster stars in comparison to those in a nearby field
in the 3D astrometric space (µ∗α, µδ, $). We call the region
centred in the cluster’s equatorial coordinates and restricted
by its rlim as the cluster region. The comparison field is re-
stricted by a ring-like region with inner radius rlim+3′. The
outer radius is such that the field area is equal to 3 times
the cluster region.
In order to improve the decontamination algorithm per-
formance and minimize the presence of outliers (i.e., small
groups of field stars with non-zero memberships), we build
a box-like filter in the astrometric space centred in the peak
values of µ∗α, µδ and $ computed in the Sec 2. We restricted
the sample in box with width of 3mas yr−1 for µ∗α and µδ
and 1 mas for $.
The 3D astrometric space is divided in cells with widths
of 1.0mas yr−1, 1.0mas yr−1 and 0.1mas in µ∗α,µδ and $,
respectively. These cell dimensions are large enough to ac-
commodate a significant number of stars, but small enough
to detect local fluctuations in the stellar density through the
whole data domain.
A membership likelihood (lstar) is computed for clus-
ter stars within each cell by using normalized multivariate
Gaussian distributions, which formulation (see eq. 1, Angelo
et al. 2019) incorporates the uncertainties and correlations
between the astrometric parameters. The same procedure is
performed for stars in the comparison field. The degree of
similarity between the two groups (cluster and field stars)
within a given 3D cell is established by using an entropy-like
function S (see eq. 3, Angelo et al. 2019). Stars within cells
for which Scluster < Sfield are considered possible members.
For cluster stars within those cells, we additionally com-
puted an exponential factor (Lstar) which evaluates the over-
density of cluster stars in the 3D space relatively to the
1 http://cdsarc.u-strasbg.fr/vizier/cat/J/MNRAS/vol/page
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Figure 7. Left column: radial density profiles of clusters UFMG04 (top panel), UFMG34 (middle panel) and UFMG59 (bottom panel)
with their limiting radius (vertical line) and mean background density level (horizontal line) indicated. Right column: best-fitting King
models (dashed line) of the same clusters with envelope of 1-σ uncertainties (dotted lines). Error bars correspond to poissonian noise.
The sky level and its fluctuation are indicated by the grey bar. The fitting residuals are also presented below the fittings.
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Table 2. Astrometric and structural properties of the investigated clusters
Name† internal id† rlim rc rt rt µ∗α µδ $ N
(arcsec) (arcsec) (arcsec) (pc) (mas·yr−1) (mas·yr−1) (mas) #
UFMG11 546± 19 86± 18 673± 153 8.0± 2.1 -2.083± 0.019 -2.050± 0.039 0.300± 0.010 112
UFMG16 588± 43 286± 116 603± 139 3.4± 0.9 0.480± 0.046 -2.347± 0.035 0.734± 0.029 24
UFMG22 558± 7 64± 10 686± 135 5.0± 1.2 -0.412± 0.026 -2.610± 0.020 0.358± 0.011 101
UFMG24 304± 38 79± 25 847± 261 5.2± 1.9 2.094± 0.051 -1.089± 0.021 0.677± 0.028 14
UFMG29 617± 47 156± 22 764± 91 5.1± 1.1 -0.986± 0.023 0.524± 0.022 0.585± 0.020 29
UFMG30 917± 52 189± 53 579± 109 3.3± 0.9 -0.422± 0.025 -0.820± 0.021 0.817± 0.019 29
UFMG34 654± 19 110± 15 1045± 219 7.0± 2.0 -3.591± 0.012 -5.729± 0.013 0.380± 0.012 87
UFMG37 333± 19 109± 37 367± 99 1.6± 0.5 -5.466± 0.032 -5.308± 0.030 0.720± 0.023 21
UFMG38 808± 19 199± 26 1105± 176 10.9± 2.3 -1.641± 0.010 -2.594± 0.010 0.255± 0.009 137
UFMG39 408± 31 141± 43 482± 118 2.9± 0.9 -3.421± 0.022 -1.616± 0.023 0.626± 0.024 25
UFMG41 453± 30 96± 17 974± 165 6.8± 1.7 -1.026± 0.028 -1.897± 0.033 0.503± 0.020 27
UFMG42 433± 19 57± 8 498± 70 12.1± 3.3 -6.289± 0.036 -4.235± 0.032 0.320± 0.018 43
UFMG43 717± 31 351± 51 1020± 117 8.4± 1.8 -3.834± 0.016 -3.911± 0.015 0.419± 0.014 59
UFMG44 546± 19 291± 113 503± 73 2.3± 0.5 -3.718± 0.023 -5.372± 0.022 0.561± 0.021 25
UFMG45 488± 38 451± 136 843± 148 6.5± 1.9 -2.548± 0.009 -2.908± 0.013 0.314± 0.020 28
UFMG46 408± 31 77± 14 496± 82 4.8± 1.0 -1.718± 0.038 0.526± 0.027 0.350± 0.025 24
UFMG47 333± 19 59± 10 610± 105 7.8± 2.0 -0.071± 0.028 -2.073± 0.015 0.323± 0.015 60
UFMG48 654± 19 276± 64 735± 100 10.8± 2.5 -4.311± 0.017 -1.866± 0.018 0.321± 0.012 98
UFMG53 333± 19 183± 29 715± 87 9.6± 1.8 -8.707± 0.030 -0.925± 0.024 0.343± 0.016 50
UFMG54 433± 19 75± 6 551± 38 10.2± 1.6 -7.633± 0.013 -2.069± 0.017 0.274± 0.013 71
UFMG55 883± 47 211± 41 1385± 353 19.4± 6.1 -4.645± 0.022 -0.931± 0.012 0.280± 0.008 173
UFMG58 433± 19 47± 6 454± 57 13.9± 2.6 -2.953± 0.029 3.356± 0.027 0.180± 0.013 75
UFMG59 521± 31 228± 32 1005± 128 6.5± 1.5 -6.208± 0.025 3.838± 0.035 0.732± 0.023 22
UFMG60 379± 31 164± 38 895± 212 9.9± 3.0 -3.852± 0.016 -2.519± 0.023 0.428± 0.018 37
UFMG61 340± 22 101± 25 798± 256 9.5± 3.8 -4.208± 0.030 -0.248± 0.025 0.395± 0.025 20
867* UFMG4 808± 19 147± 6 1039± 73 10.1± 1.0 0.378± 0.011 0.779± 0.016 0.598± 0.015 47
145 UFMG5 1067± 19 373± 34 999± 63 6.8± 1.0 -2.137± 0.012 -5.427± 0.008 0.509± 0.010 119
860* UFMG6 671± 19 275± 18 806± 35 8.2± 1.0 -0.679± 0.010 -2.192± 0.010 0.304± 0.009 162
UBC537 UFMG7 521± 31 122± 25 778± 179 7.5± 2.1 -2.438± 0.016 -2.019± 0.015 0.298± 0.012 77
866 UFMG8 558± 7 224± 26 654± 44 7.6± 1.2 2.897± 0.016 0.443± 0.016 0.395± 0.012 70
UBC336 UFMG9 458± 26 122± 14 737± 88 6.8± 1.3 0.659± 0.022 0.115± 0.015 0.337± 0.012 72
2094 UFMG10 808± 19 223± 22 925± 83 7.4± 1.1 -3.749± 0.024 1.250± 0.012 0.524± 0.013 81
2210 UFMG12 558± 7 278± 38 1177± 165 7.5± 1.5 0.018± 0.014 -1.269± 0.017 0.695± 0.016 44
140* UFMG13 333± 19 103± 18 703± 137 7.5± 1.7 -5.359± 0.014 -4.424± 0.024 0.267± 0.013 66
436* UFMG14 458± 26 71± 11 654± 109 6.3± 1.2 -2.446± 0.017 -3.940± 0.015 0.272± 0.015 51
UBC322 UFMG15 654± 19 295± 33 942± 91 10.0± 1.5 -0.867± 0.025 -2.036± 0.040 0.377± 0.011 112
UBC303 UFMG17 546± 19 331± 49 876± 91 6.7± 1.1 -4.866± 0.016 -3.778± 0.036 0.508± 0.014 86
861 UFMG18 408± 31 59± 7 693± 86 11.7± 2.2 -2.583± 0.013 -3.928± 0.019 0.260± 0.011 107
2100 UFMG19 654± 19 251± 57 907± 193 6.4± 1.6 -3.387± 0.012 -3.488± 0.011 0.463± 0.012 83
438* UFMG20 521± 31 160± 19 736± 107 5.8± 1.2 -1.558± 0.012 -3.106± 0.011 0.370± 0.008 185
UBC319 UFMG21 1196± 38 180± 96 615± 269 3.0± 1.4 -0.737± 0.013 -2.714± 0.013 0.709± 0.011 96
UBC326 UFMG23 521± 31 257± 39 824± 95 6.1± 1.3 -1.120± 0.018 -2.786± 0.016 0.579± 0.014 57
UBC136 UFMG25 717± 31 535± 93 835± 56 3.8± 0.7 -0.036± 0.015 -3.270± 0.016 0.690± 0.013 65
UBC121 UFMG26 408± 31 183± 36 884± 186 4.1± 1.0 -1.242± 0.028 -3.368± 0.019 0.578± 0.017 40
466* UFMG27 408± 31 95± 13 515± 62 4.1± 0.8 -1.030± 0.026 -3.697± 0.022 0.236± 0.016 55
UBC550 UFMG28 750± 38 132± 19 445± 48 4.1± 0.9 -2.583± 0.012 -4.144± 0.011 0.358± 0.014 57
1624 UFMG31 783± 31 304± 19 1939± 332 15.6± 3.9 1.715± 0.011 -0.792± 0.010 0.477± 0.009 167
UBC535 UFMG32 550± 66 136± 40 323± 61 2.3± 0.6 -3.980± 0.021 -4.467± 0.018 0.253± 0.015 59
UBC572 UFMG33 458± 26 121± 19 588± 78 6.0± 1.4 0.936± 0.032 -0.767± 0.045 0.629± 0.023 22
623 UFMG35 885± 48 195± 79 851± 372 3.9± 1.8 -1.903± 0.029 -4.466± 0.028 1.109± 0.021 27
UBC533 UFMG36 758± 63 294± 72 1323± 400 7.03± 2.5 -1.671± 0.026 -1.346± 0.022 0.804± 0.016 41
714* UFMG40 654± 19 109± 9 643± 58 7.0± 0.9 -2.003± 0.011 -2.646± 0.014 0.318± 0.010 134
UBC295 UFMG49 262± 32 130± 26 1038± 268 8.8± 2.8 -4.468± 0.024 -1.556± 0.027 0.554± 0.02 35
UBC293 UFMG50 808± 19 168± 39 693± 167 9.3± 2.8 -4.610± 0.015 -1.645± 0.013 0.294± 0.007 244
2156* UFMG51 717± 31 476± 46 971± 47 7.6± 1.2 -1.884± 0.014 -5.407± 0.010 0.598± 0.010 112
1204* UFMG52 1204± 43 619± 29 1692± 50 10.3± 2.4 -0.735± 0.007 -1.262± 0.007 0.608± 0.006 374
UBC522 UFMG56 808± 19 471± 42 1498± 114 15.2± 3.0 -4.446± 0.012 -1.131± 0.010 0.387± 0.010 134
UBC552 UFMG57 521± 31 165± 24 1164± 195 14.2± 3.5 -0.178± 0.018 -0.333± 0.015 0.392± 0.014 64
676* UFMG62 494± 19 112± 9 533± 41 5.9± 0.7 -5.871± 0.015 5.166± 0.015 0.303± 0.014 57
† the first part of the Table corresponds to OCs discovered in this work
∗ relative to low confidence OC candidate of LP2019
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whole grid configuration (see eq. 4, Angelo et al. 2019). This
procedure was adopted to ensure that only significant local
overdensities, statistically distinguishable from the distribu-
tion of field stars, would receive apreciable membership like-
lihoods.
Finally, cell sizes are increased and decreased by 1/3 of
their original sizes in each dimension and the procedure is
repeated. The final likelihood for a given star corresponds
to the median of the set of Lstar values taken through the
whole grid configurations. Fig. 8 exemplifies the application
of such procedure to the cluster UFMG6.
To build the final members sample, we adopted a mem-
bership probability cut by keeping only stars with mem-
bership probabilities higher than 70%. This is important to
clean the sample of less probable members. It makes evident
the presence of the clusters stars loci in the CMDs and the
existence of a clump in the 3D astrometric space (µ∗α,µδ and
$), revealing the cluster nature.
4.3 Isochrone fittings
We employed solar metallicity PARSEC-COLIBRI models
(Marigo et al. 2017) to perform isochrone fittings on the de-
contaminated samples (i.e., stars with likelihoods > 70%)
to determine age, distance and reddening. We adopted a
reddening law (Cardelli et al. 1989; O’Donnell 1994) to con-
vert E(GBP − GRP ) to E(B − V ). Using a set of several
solar metallicity isochrones covering a range of ages, we vi-
sually inspected the match between the model and the clus-
ter stars loci, ensuring a good fitting in specific evolutionary
regions such as the main sequence, the turnoff, and the gi-
ant clump. To associate the uncertainties, we changed the
reddening and distance modulus (m − M) simultaneously
searching for the maximum acceptable deviations from the
best values fitted.
The resulting values of the colour excess, distance mod-
ule and age for all the clusters are present in the Table 3.
The full table containing the astrophysical parameters and
member lists derived for the clusters stars in this work are
available as electronic tables through Vizier. Fig. 9 shows the
best-fitting isochrones to the field-cleaned CMDs of some of
the clusters investigated.
Cantat-Gaudin et al. (2020) have obtained astrophysi-
cal parameters for 1867 open clusters previously identified
with Gaia DR2 astrometry, including many discovered open
clusters present in LP2019 and CG2020. Their reported pa-
rameters (private communication) for the 29 clusters in com-
mon with our sample tend to agree with our values for close
(d < 2 kpc), relatively low reddening (E(B-V) < 0.9) and
relatively old (log(t) > 8.8) or young (log(t) < 8.0) clusters.
There are a few discrepancies which we attribute to the very
reddened, and scarce nature of some clusters, often lacking
a sizeable population of giant stars needed to properly con-
strain their astrophysical parameters.
5 DISCUSSION
In this Section, we present evidence for the 25 new findings
to be real physical systems and place the OCs’ derived prop-
erties in the Milky Way context. As the cluster 466 has cen-
tral coordinates that differ from those of UFMG27 by more
than the limiting radius determined by us (see Sect. 3), we
grouped UFMG27 with the 25 newly discovered clusters in
the following graphical analyses.
5.1 Comparing the new discoveries with
confirmed open clusters
The dispersion in proper motion is correlated with parallax
for coherent stellar systems. Such a relationship is presented
in Fig. 10 for the Gaia DR2 confirmed OCs (gray circles)
according with Cantat-Gaudin & Anders (2020), our sample
of recently discovered OCs (open red circles) and the newly
discovered OCs (filled cyan circles). All OCs studied here
have CMDs and structural properties compatible with real
physical systems. This is corroborated by the fact that they
lie in the diagram region where the bulk of confirmed OCs
is.
Fig. 11 displays the distribution of the derived param-
eters for the 25 newly discovered OCs (filled cyan circles)
compared with the recently discovered ones (open red cir-
cles). Panel (a) shows the reddening as a function of the
heliocentric distance; panel (b) is the distribution of loga-
rithmic age with the reddening; panel (c) presents the core
radius versus the logarithmic age; and panel (d) shows the
average stellar density of members within the tidal radius as
a function of the concentration parameter. The properties of
these two OC groups are similar, corresponding to low con-
centrated OCs, the majority of them located within 3 kpc
from the Sun, with ages ranging from 30Myr to 3.2Gyr and
reddening limited to E(B − V ) = 2.5.
5.2 The cluster sample from the Milky Way
perspective
Most of the OCs analysed in this work are located in the IV
quadrant of the Galactic disc at low latitudes, therefore they
are immersed in dense fields characteristic of the inner Milky
Way. Fig. 12 shows the position of our sample projected
onto the Galactic disc (panel a) and perpendicularly to it
(panel b). The OCs are depicted in two age groups, below
and above 400Myr, indicated by open blue circles and filled
red circles, respectively. The OCs tidal radii are represented
by the symbol size. A schematic drawing of the spiral arms
(Vallée 2017), the four quadrant limits, the Galactic centre,
the Sun’s location (at 8.34 kpc; Reid et al. 2014) and the
central bar are shown in Fig. 12(a), while the OCs’ vertical
distribution and scale-height of 60 pc (gray band; Bonatto
et al. 2006) are indicated in Fig. 12(b).
The challenging task of separating fiducial members
from field stars in a high density region of the Galactic disc
was only possible due to the high precision of Gaia DR2 as-
trometric data and to the developed method optimised for
cluster detection. In this method, as explained in Sect. 2, we
employed a sequence of steps in the search of stars within de-
limited fields whose astrometric and photometric coherence
are compatible with a star cluster. It is worth noticing that
specialized automated searches with different algorithms us-
ing Gaia DR2 (Castro-Ginard et al. 2018, 2019; Cantat-
Gaudin et al. 2018b, 2019;LP2020;Cantat-Gaudin & Anders
2020;CG2020) are useful and necessary tools to detect such
objects. Nevertheless, improvements are still needed for the
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Table 3. Astrophysical parameters of the investigated clusters
Name† Internal id† RA DEC l b Dist (m−M) log(t) E(B − V )
(hh:mm:ss) (dd:mm:ss) (deg) (deg) (pc) (mag) (mag)
UFMG11 16:13:58.80 -52:57:48.1 330.694 -1.375 2455± 340 11.95± 0.30 8.40± 0.15 0.67± 0.05
UFMG16 16:20:16.66 -44:52:24.5 337.071 3.713 1148± 132 10.30± 0.25 8.60± 0.50 0.50± 0.10
UFMG22 17:32:47.82 -37:36:42.6 351.230 -2.355 1514± 210 10.90± 0.30 9.00± 0.10 0.92± 0.10
UFMG24 17:12:02.31 -35:56:03.4 350.254 2.019 1259± 233 10.50± 0.40 8.20± 0.40 0.65± 0.10
UFMG29 17:15:15.21 -36:34:42.7 350.112 1.117 1380± 256 10.70± 0.40 8.70± 0.15 0.77± 0.10
UFMG30 17:11:14.71 -48:45:11.0 339.800 -5.418 1175± 218 10.35± 0.40 7.90± 0.40 0.55± 0.15
UFMG34 15:35:21.36 -57:39:00.0 323.482 -1.472 1380± 256 10.70± 0.40 9.25± 0.10 0.95± 0.05
UFMG37 15:20:36.04 -57:44:20.9 321.801 -0.439 912± 169 9.80± 0.40 8.85± 0.15 0.86± 0.10
UFMG38 16:05:59.49 -52:39:57.1 330.009 -0.338 2042± 283 11.55± 0.30 8.90± 0.20 1.35± 0.20
UFMG39 14:36:02.40 -57:51:54.0 316.500 2.225 1259± 233 10.50± 0.40 8.75± 0.20 0.50± 0.15
UFMG41 15:40:30.83 -55:46:12.3 325.164 -0.375 1445± 268 10.80± 0.40 8.20± 0.40 1.26± 0.10
UFMG42 15:44:08.55 -55:15:22.9 325.884 -0.275 5012± 1164 13.50± 0.50 7.95± 0.15 2.20± 0.15
UFMG43 15:42:52.39 -55:25:14.9 325.641 -0.296 1698± 315 11.15± 0.40 8.50± 0.20 1.35± 0.10
UFMG44 15:42:19.39 -55:27:50.9 325.552 -0.284 933± 173 9.85± 0.40 8.95± 0.10 0.22± 0.05
UFMG45 15:59:09.94 -55:47:56.6 327.193 -2.036 1585± 368 11.00± 0.50 8.80± 0.20 0.50± 0.15
UFMG46 18:18:11.93 -25:04:13.5 6.949 -4.399 1995± 277 11.50± 0.30 8.90± 0.15 0.61± 0.15
UFMG47 16:52:08.81 -47:24:19.9 338.916 -2.070 2630± 487 12.10± 0.40 8.25± 0.10 1.45± 0.10
UFMG48 14:09:53.31 -59:18:59.6 312.801 2.044 3020± 559 12.40± 0.40 8.35± 0.35 1.10± 0.15
UFMG53 13:01:35.28 -64:01:28.2 304.043 -1.175 2754± 382 12.20± 0.30 8.40± 0.15 1.35± 0.15
UFMG54 14:02:46.63 -61:57:13.3 311.212 -0.234 3802± 527 12.90± 0.30 7.60± 0.15 2.32± 0.20
UFMG55 13:08:07.60 -61:14:24.8 304.939 1.566 2884± 534 12.30± 0.40 8.10± 0.20 0.95± 0.15
UFMG58 08:19:33.99 -38:16:14.8 256.220 -1.164 6310± 874 14.00± 0.30 7.95± 0.10 1.25± 0.10
UFMG59 08:26:01.20 -38:20:00.2 256.996 -0.161 1337± 248 10.63± 0.40 7.65± 0.30 0.50± 0.15
UFMG60 14:18:42.52 -62:40:16.2 312.759 -1.476 2291± 424 11.80± 0.40 7.65± 0.40 0.90± 0.15
UFMG61 12:21:58.58 -63:36:33.3 299.665 -0.925 2455± 570 11.95± 0.50 7.85± 0.30 0.55± 0.10
867* UFMG4 18:11:58.32 -22:58:51.6 8.116 -2.157 1995± 138 11.50± 0.15 8.60± 0.05 1.20± 0.10
145 UFMG5 17:08:00.70 -44:07:43.1 343.203 -2.229 1413± 196 10.75± 0.30 8.70± 0.10 1.40± 0.15
860* UFMG6 16:17:54.90 -53:31:06.2 330.734 -2.183 2089± 241 11.60± 0.25 9.00± 0.20 0.45± 0.10
UBC537 UFMG7 16:11:33.60 -53:02:01.3 330.381 -1.176 1995± 323 11.50± 0.35 8.90± 0.15 0.85± 0.15
866 UFMG8 17:27:02.63 -39:24:12.4 349.113 -2.401 2399± 332 11.90± 0.30 9.30± 0.10 0.73± 0.15
UBC336 UFMG9 17:51:57.39 -27:51:08.2 1.647 -0.636 1905± 264 11.40± 0.30 8.90± 0.15 0.80± 0.08
2094 UFMG10 11:41:40.42 -61:56:45.3 294.829 -0.177 1660± 191 11.10± 0.25 8.15± 0.15 0.34± 0.05
2210 UFMG12 16:28:49.74 -54:57:31.6 330.829 -4.330 1318± 183 10.60± 0.30 8.60± 0.25 0.40± 0.07
140* UFMG13 15:07:38.77 -60:24:08.3 318.996 -1.850 2208± 255 11.72± 0.25 8.80± 0.10 0.66± 0.07
436* UFMG14 16:44:09.11 -44:06:33.2 340.537 1.121 1995± 184 11.50± 0.20 8.95± 0.10 1.12± 0.10
UBC322 UFMG15 17:00:39.22 -44:10:25.1 342.366 -1.207 2399± 221 11.90± 0.20 8.10± 0.05 1.17± 0.08
UBC303 UFMG17 14:47:26.92 -56:14:52.3 318.582 3.058 1585± 183 11.00± 0.25 8.90± 0.10 0.50± 0.05
861 UFMG18 16:18:48.61 -52:53:13.7 331.272 -1.825 3467± 481 12.70± 0.30 9.05± 0.05 0.59± 0.05
2100 UFMG19 15:10:06.76 -60:29:38.3 319.213 -2.082 1445± 200 10.80± 0.30 8.90± 0.15 0.46± 0.10
438* UFMG20 16:47:36.00 -44:32:02.0 340.615 0.376 1622± 225 11.05± 0.30 9.05± 0.10 0.84± 0.05
UBC319 UFMG21 16:38:48.11 -44:45:17.2 339.421 1.412 1000± 139 10.00± 0.30 8.50± 0.15 0.50± 0.10
UBC326 UFMG23 17:12:38.47 -36:02:57.0 350.233 1.853 1514± 280 10.90± 0.40 8.35± 0.25 1.20± 0.10
UBC136 UFMG25 20:18:02.56 +32:35:51.9 71.358 -1.776 933± 173 9.85± 0.40 8.80± 0.10 0.70± 0.10
UBC121 UFMG26 19:15:33.59 +12:50:25.5 47.085 0.583 955± 132 9.90± 0.30 9.00± 0.10 0.75± 0.10
466* UFMG27 19:08:23.98 +10:10:38.8 43.912 0.905 1660± 230 11.10± 0.30 8.95± 0.10 1.15± 0.05
UBC550 UFMG28 16:50:24.62 -45:04:20.0 340.523 -0.352 1905± 353 11.40± 0.40 8.50± 0.15 0.93± 0.10
1624 UFMG31 17:46:18.23 -29:09:03.2 359.894 -0.239 1660± 307 11.10± 0.40 8.30± 0.10 0.80± 0.10
UBC535 UFMG32 15:50:14.52 -56:44:35.8 325.636 -1.971 1445± 268 10.80± 0.40 8.95± 0.20 0.45± 0.10
UBC572 UFMG33 18:41:40.83 -21:58:49.6 12.176 -7.790 2089± 387 11.60± 0.40 7.75± 0.15 1.05± 0.10
623 UFMG35 15:24:36.35 -53:58:23.2 324.327 2.411 955± 132 9.90± 0.30 7.50± 0.30 0.27± 0.10
UBC533 UFMG36 15:21:09.36 -53:11:24.0 324.326 3.347 1096± 203 10.20± 0.40 8.60± 0.30 0.20± 0.10
714* UFMG40 15:57:40.50 -57:16:35.0 326.077 -3.026 2239± 207 11.75± 0.20 9.00± 0.05 0.57± 0.05
UBC295 UFMG49 13:50:18.79 -60:25:03.1 310.140 1.627 1738± 322 11.20± 0.40 8.35± 0.15 0.50± 0.15
UBC293 UFMG50 13:30:56.62 -61:46:12.6 307.586 0.744 2754± 510 12.20± 0.40 7.70± 0.20 0.85± 0.15
2156* UFMG51 16:13:29.45 -50:08:56.5 332.574 0.721 1622± 246 11.05± 0.30 8.85± 0.10 0.80± 0.10
1204* UFMG52 17:42:16.89 -30:41:22.7 358.127 -0.302 1259± 292 10.50± 0.50 7.55± 0.30 1.47± 0.10
UBC522 UFMG56 12:43:09.42 -61:37:11.2 301.949 1.240 2089± 387 11.60± 0.40 7.10± 0.30 0.97± 0.10
UBC552 UFMG57 16:58:51.31 -42:02:36.9 343.839 0.367 2512± 465 12.00± 0.40 8.00± 0.15 1.45± 0.10
676* UFMG62 09:56:01.78 -60:11:44.8 282.728 -4.397 2291± 211 11.80± 0.20 9.55± 0.10 0.22± 0.05
† the first part of the Table corresponds to OCs discovered in this work
∗relative to low confidence OC candidate of LP2019
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Figure 8. A sequence of panels showing the results of the decontamination procedure applied to UFMG 6. It is possible to note
concentrations in all astrometric space. Left: proper motion in right ascension versus parallax. Middle: proper motion in declination
versus parallax Right: the spatial distribution of the most probable cluster members.
detection of low concentration systems immersed in crowded
fields. More akin to our technique, Sim2019 performed vi-
sual inspection of the Gaia DR2 astrometric and photomet-
ric data, resulting in the discovery of 207 new OCs. The 25
new entries reported in the present analysis amounts to ∼ 45
percent of our sample. Based on this, (we speculate that) a
non-negligible fraction of OCs may have been missed by au-
tomatic detection algorithms.
Most of the studied OCs in the present work are inside
the solar circle and have ages between 30Myr and 3.2Gyr
(average and dispersion of log[t(yr)] = 8.49 ± 0.52), as can
be inferred from Fig. 13, which presents the vertical distri-
bution as a function of the Galactocentric distance for the
Kharchenko et al. (2013)’s OC catalogue matched to Gaia
DR2 confirmed OCs (Cantat-Gaudin & Anders 2020). In
this Figure, our sample is indicated by filled circles, with
colours attributed according to the colourbar.
Among the 59 OCs in our sample, 27 are older than
500Myr. Among the 25 new discoveries, 10 are older than
500Myr. This suggests that nearly equal numbers of young
and old clusters contribute to the inner disc uncompleteness.
The disc flaring towards larger Galactocentric distances (see
Fig. 13) is a well-known feature of the Milky Way morphol-
ogy, detected not only with OCs (e.g. Bonatto et al. 2006),
but also using field stars (e.g. Amôres et al. 2017) and H I
(e.g. Kalberla & Dedes 2008).
If surviving the early gas ejection phase, OCs change
their structure with time in response to external dynamical
effects combined with stellar evolution mass loss and inter-
nal gravitational interactions between the stars (Portegies
Zwart et al. 2010; Renaud 2018; Krumholz et al. 2019, and
references therein). These processes lead the OCs to disso-
lution through evaporation with loss of stars that in some
cases produce tidal tails (Bergond et al. 2001). External fac-
tors like the tidal Galactic field strength and OC encounters
with the spiral arms (Martinez-Medina et al. 2016), molecu-
lar clouds (Spitzer 1958; Gieles et al. 2006) and disc shocking
(Ostriker et al. 1972; Martinez-Medina et al. 2017) are more
relevant in the denser environment of the inner Galactic re-
gions. As an OC revolves around the Galaxy in ∼ 200Myr
at the Galactocentric distance of Sun’s orbit, its content
is depleted by the aforementioned effects, which are more
effective the older the OC is. For OCs orbiting closer to
the Galactic centre, the external tidal field is stronger and
the disrupting gravitational encounters proceed in a shorter
time-scale. On the other hand, in the outer disc, OCs can
expand without losing stars, surviving longer. Therefore, old
clusters tend to be found in the outer disc (van den Bergh
& McClure 1980; Lynga 1982; Janes et al. 1988).
Our sample follows the general distribution of tidal ra-
dius with age expected for OCs orbiting in the inner Galac-
tic disc. This can be seen in Fig. 14, where Gaia DR2 con-
firmed OCs (Cantat-Gaudin & Anders 2020) were matched
to Kharchenko et al. (2013)’s catalogue from which ages
and tidal radii were extracted for 1140 OCs. The colourbar
indicates the Galactocentric distance from Cantat-Gaudin
& Anders (2020), calculated with a heliocentric distance of
8.34 kpc (Reid et al. 2014). Our results for the OC sample
characterized in the present analysis are plotted in Fig. 14
as filled circles.
Being inserted in the inner Galaxy under relevant
Galactic tidal field stresses and higher probability of encoun-
ters with molecular clouds and spiral arms, our sample con-
tains mostly moderate size OCs, with rt = 7.9±3.7 pc, com-
pared to the following overall averages and dispersion for the
confirmed sample of OCs: rt = 8.3±4.9pc for RG ≤ 9.5 kpc
(663 OCs) and rt = 13.0 ± 7.9 pc for RG > 9.5 kpc (477
OCs). The interplay of tidal radius, age and galactocentric
distance reveals the connection between OC structure evo-
lution and the Galactic environment where they live. On the
observational side, few works were dedicated so far to this
aspect of the OC population in the Milky Way (e.g. Nilakshi
et al. 2002; Chen et al. 2004; Angelo et al. 2020).
Fig. 15 shows the distribution of derived parame-
ters for our sample OCs compared with that for Gaia
DR2 confirmed OCs. The literature structural parameters,
age and reddening were extracted from Kharchenko et al.
(2013)’s catalogue while the distance was obtained from
Cantat-Gaudin & Anders (2020). From a qualitative anal-
ysis of the structural parameter distributions, as shown in
Fig. 15(a,b,c), our sample contains OCs with the mode of the
core radii larger than that for the literature sample. Given
that the distribution of tidal radii is not significantly differ-
ent of that for the literature confirmed OCs, our sample OCs
tend to be less concentrated. The ages present similar distri-
butions, while most of our sample OCs have larger redden-
ings and smaller distances, as can be seen in Fig. 15(d,e,f),
reflecting their low Galactic latitudes, where dust is con-
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Figure 9. Examples of PARSEC-COLIBRI isochrone fitted (solid line) over the cleaned CMD for UFMG5 (top left), UFMG13 (top
middle), UFMG24 (top right), UFMG36 (bottom left), UFMG55 (bottom middle) and UFMG62 (bottom right). We overplotted the
corresponding binary sequence (dashed lines) by deducing 0.75 mag from the G magnitude values.
centrated and the stellar field is crowded. With many of
the recently discovered clusters being closer than ∼ 2 kpc, it
seems that their number is far from complete as discussed by
Cantat-Gaudin et al. (2018b) and Cantat-Gaudin & Anders
(2020).
6 SUMMARY AND CONCLUDING REMARKS
We derived astrophysical and structural parameters for 59
open clusters projected in high stellar density regions by us-
ing Gaia DR2 data, where 25 objects were not reported in
the literature yet. The high precision of Gaia DR2 astro-
metric and photometric data allowed us to find the open
clusters in the astrometric space by restricting samples by
colour and magnitude.
We were capable of disentangling fiducial members from
field stars in high density regions of the Galactic disc. We
analyzed the clusters’ stellar distributions and determined
their centres, limiting radii and structural parameters. With
the addition of Gaia photometric information, we were able
to discriminate cluster members and perform isochrone fit-
ting to derive their astrophysical parameters. Our analysis
showed that the sample of OCs investigated in this work lies
in the same loci of the bulk of confirmed OCs in different
parameters.
The investigated clusters in this work are mainly located
within 3 kpc from the Sun in the IV quadrant of the Galactic
disc at low latitudes. Their ages are comprised between ∼ 30
Myr and ∼ 3 Gyr, exhibiting a similar distribution presented
by the Gaia DR2 confirmed open clusters. The structural
parameters derived by means of King-profile fittings revealed
that the average core radii of the investigated sample are
larger than those of the literature sample. In the same way,
the average tidal radii are not significantly different than
those of the literature, showing that our clusters have less
concentrated structures.
Our optimised method for the detection of star clusters
was effective to find less concentrated objects. This showed
that improvements are still needed for the detection of low
concentration systems immersed in crowded fields by spe-
cialized automated searches.
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APPENDIX A: SURVEYED FIELDS
This appendix lists the fields surveyed in this work in the
search for new cluster candidates. The 96 investigated fields
are listed in Table A1.
APPENDIX B: SUPPLEMENTARY FIGURES:
KING PROFILE FITTINGS
This appendix contains the plot of King profile fitting over
the cluster radial density profile for each investigated target
(Figs. B1−B4). It is available only in the supplementary
material.
APPENDIX C: SUPPLEMENTARY FIGURES:
MEMBERSHIP
This appendix contains the plot of isochrone fitting over the
cluster most probable members for each investigated target
(Figs. C1−C12). It is available only in the supplementary
material.
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Table A1. Surveyed fields.
Field UFMGs RA DEC l b
(h : ′: ′′) (◦ : ′: ′′) (deg) (deg)
1 9,31 17:50:25 -28:43:39 0.722 -0.792
2 17:57:11 -24:55:40 4.762 -0.168
3 46 18:16:27 -25:42:11 6.204 -4.35
4 4 18:15:52 -22:11:50 9.236 -2.575
5 17:57:10 -18:55:00 9.966 2.845
6 33 18:38:31 -22:17:14 11.572 -7.27
7 18:24:42 -16:57:56 14.836 -1.95
8 27 19:01:48 +09:12:27 42.304 1.905
9 26 19:20:35 +12:05:51 47.002 -0.849
10 25 20:18:02 +32:35:51 71.341 -1.736
11 05:52:34 +32:32:17 177.678 3.133
12 07:44:31 -23:53:27 240.07 0.121
13 58, 59 08:21:38 -38:25:59 256.585 -0.921
14 62 09:56:01 -60:11:44 282.723 -4.388
15 11:42:07 -58:45:24 294.034 2.912
16 10 11:36:32 -61:36:26 294.151 -0.019
17 12:03:13 -60:31:09 297.031 1.799
18 12:24:45 -58:11:34 299.411 4.496
19 12:25:00 -60:25:36 299.673 2.278
20 61, 56 12:29:33 -63:02:52 300.455 -0.281
21 12:39:02 -68:35:24 301.796 -5.746
22 12:41:03 -64:42:59 301.824 -1.867
23 12:43:42 -59:46:02 301.957 3.09
24 53 12:58:19 -63:16:30 303.707 -0.414
25 55 13:02:10 -60:30:10 304.255 2.341
26 13:16:20 -66:10:56 305.446 -3.432
27 13:21:05 -69:59:58 305.482 -7.275
28 50 13:24:57 -62:40:56 306.768 -0.061
29 13:36:26 -58:47:21 308.745 3.573
30 14:00:01 -68:20:17 309.218 -6.308
31 13:56:32 -65:14:55 309.681 -3.234
32 49, 54 13:51:34 -61:30:34 310.04 0.53
33 13:54:45 -59:09:04 310.982 2.727
34 60 14:17:36 -62:46:53 312.604 -1.539
35 14:05:18 -57:19:39 312.803 4.121
36 48 14:15:17 -59:58:36 313.246 1.205
37 14:36:24 -60:34:31 315.479 -0.286
38 14:46:57 -63:01:52 315.602 -3.037
39 17, 39 14:41:47 -57:19:34 317.423 2.408
40 15:03:00 -61:44:43 317.846 -2.745
41 14:56:06 -59:53:01 317.984 -0.706
42 15:27:29 -62:04:44 320.131 -4.537
43 13, 19 15:13:24 -59:22:54 320.136 -1.338
44 15:05:52 -57:07:50 320.418 1.105
45 15:04:35 -54:22:58 321.61 3.588
46 15:30:26 -59:08:56 322.09 -2.325
47 15:54:48 -62:28:43 322.434 -6.771
48 34, 37 15:27:47 -56:46:42 323.141 -0.171
APPENDIX D: SUPPLEMENTARY FIGURES:
ISOCHRONE FITTINGS
This appendix contains the plots of isochrone fitting over the
cluster most probable members for each investigated target
(Figs. D1−D7). It is available only in the supplementary
material.
This paper has been typeset from a TEX/LATEX file prepared by
the author.
Table A1 – continued
Field UFMGs RA DEC l b
(h : ′: ′′) (◦ : ′: ′′) (deg) (deg)
49 35, 36 15:22:40 -54:29:05 323.809 2.138
50 40 15:54:39 -58:41:47 324.855 -3.856
51 32, 41 15:42:15 -56:32:24 324.896 -1.136
52 16:21:05 -60:59:39 325.752 -7.791
53 44, 43, 42 15:40:44 -54:49:51 325.753 0.358
54 15:30:11 -51:50:23 326.223 3.705
55 15:39:17 -53:25:03 326.426 1.619
56 15:28:25 -50:01:03 327.029 5.364
57 45 16:08:57 -56:11:41 327.956 -3.241
58 15:41:21 -51:17:10 327.956 3.137
59 38 15:57:49 -53:32:37 328.509 -0.193
60 15:40:04 -47:54:10 329.829 5.966
61 15:28:25 -45:00:29 329.901 9.486
62 6 16:14:49 -53:49:14 330.195 -2.083
63 15:53:52 -49:49:21 330.428 3.053
64 12 16:27:38 -53:55:20 331.462 -3.49
65 7,11,18,51 16:15:20 -51:15:38 332.02 -0.286
66 15:54:41 -46:11:14 332.862 5.763
67 16:36:44 -51:59:08 333.816 -3.172
68 16:13:27 -47:53:34 334.121 2.364
69 15:51:33 -41:38:49 335.357 9.613
70 16:59:41 -52:43:41 335.501 -6.336
71 16:11:26 -45:23:34 335.587 4.421
72 16:31:40 -48:48:01 335.613 -0.42
73 16:24:45 -46:44:16 336.298 1.845
74 16:09:11 -43:25:23 336.639 6.136
75 16:49:53 -49:36:52 336.974 -3.19
76 16 16:26:12 -44:33:57 338.032 3.179
77 30 17:10:50 -50:17:49 338.505 -6.271
78 17:04:29 -48:10:42 339.594 -4.175
79 20,21,28,47 16:48:35 -45:51:39 339.714 -0.614
80 16:15:43 -39:51:21 340.009 7.877
81 14 16:43:09 -42:57:40 341.286 2.009
82 16:34:30 -41:06:58 341.595 4.435
83 5, 15 17:03:46 -43:41:03 343.097 -1.351
84 17:26:57 -46:32:17 343.144 -6.337
85 16:26:30 -36:57:41 343.589 8.404
86 57 16:56:52 -40:33:45 344.767 1.58
87 17:20:19 -43:04:01 345.37 -3.421
88 17:13:34 -39:39:17 347.422 -0.413
89 8 17:27:43 -39:28:14 349.13 -2.548
90 23, 24, 29 17:10:31 -36:20:27 349.746 2.025
91 17:23:33 -36:04:20 351.486 0.036
92 17:13:13 -33:16:11 352.557 3.385
93 22 17:39:34 -36:47:27 352.649 -3.053
94 17:54:22 -34:40:55 356.012 -4.539
95 52 17:40:33 -32:13:48 356.626 -0.805
96 18:23:06 -36:34:26 357.1 -10.578
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